Supplemental Table S1 : Gene expression classes. Related to Figure 1 See separate Excel file. 
Supplemental

Supplemental Experimental Procedures Preparation of dauers
Dauer animals were obtained through a previously established protocol (Sinha et al., 2012 ) that we used with minor modifications. Briefly, 30,000 N2 larvae were added to 300 ml of S--medium supplemented with 1x Antibiotic--Antimycotic (Life Technologies; #15240--062) and grown at room--temperature. Five times 0.5 grams of OP50 bacterial pellet were added during the first 6 days of the culture. Dauer larvae were typically harvested from cleared media after 10--12 days. Visual inspection of the cultures showed that >90% of all worms were dauers. The worms were washed and incubated, while rolling, with 1% SDS for 15 minutes, followed by two washes with 0.1 M NaCl and floatation on 35% Ficoll--400 for 15 minutes at 100g. The yellow band that formed during the flotation was transferred to a new 15ml conical tube and washed three times with 0.1 M NaCl. Finally, the worms were precipitated through 15% Ficoll--400 to remove any remaining debris and carcasses and washed three times with M9. The resulting culture was visually inspected and the worms were left in M9 overnight, before they were plated on 2% NGM plates (approximately 1500 worms per plate) with OP50 and left to develop for the desired amount of time.
Preparation of L1 larvae and time courses
Gravid adults (N2 or glp--4(bn2)) were bleached and the eggs recovered left to hatch overnight at room--temperature in M9. The hatched L1 larvae were plated on 2% NGM plates (approximately 1500 worms per plate) with OP50 and left to develop for the desired amount of time at the appropriate temperature. Note that N2 samples at 25°C were named 21h through 36h although the actual harvesting occurred between 22h and 37h. This was done to account for a slight developmental delay in this relative to other time courses under the same conditions (data not shown). The time that is mentioned in the sample name more closely resembles the actual developmental time it takes to reach this point in development. For glp--4, worms were harvested bi--hourly for RNA isolation between 40 and 52 hours of development because a pilot experiment had revealed a strong developmental delay of the mutant animals (data not shown).
Harvesting of worms for RNA purification
Worms were washed off the plates with M9 and collected in 15ml conical tubes. The culture was washed three additional times with M9 to remove any remaining bacteria. Finally, the worms were pelleted and resuspended in Tri Reagent (Molecular Research Center; TR 118) and frozen in liquid nitrogen.
RNA isolation and sequencing library preparation
Samples were treated with 6 freeze--thaw cycles from liquid nitrogen to a heatblock at 42°C. Subsequently, debris was spun down and supernatant was transferred to a fresh tube. RNA isolation was performed using Tri Reagent and standard protocols. Total RNA was DNAse treated and RNA quality was assessed with an Agilent Bioanalyzer prior to library preparation. For mRNAseq we prepared the libraries with a Truseq stranded mRNA sample preparation kit (Illumina). For "RiboMinus" libraries, a Ribo--Zero Magnetic Kit (Epicentre; MRZH11124) was used to remove ribosomal RNA from total RNA samples and depletion validated through Agilent Bioanalyzer analysis. Subsequent library preparation was performed with a ScriptSeq v2 RNA--Seq library preparation kit (Epicentre). The quality of the resulting libraries was assessed with an Agilent Bioanalyzer and concentrations were measured with a Qubit fluorometer prior to pooling.
Ribosome profiling
We adapted published protocols (Ingolia et al., 2012; Bazzini et al., 2012) to perform ribosome profiling. Synchronized L1 stage larvae were placed on peptone rich plates seeded with NA22 bacteria, incubated at 25°C and samples collected every two hours between 18 -36 hours thereafter. Depending on the time point, between 100'000 (late time points) and 200'000 (early time points) worms were harvested. After collection, the worm pellet was washed three times with M9 buffer to remove bacteria, then washed once with buffer A (20 mM Tris--HCl (pH 8.5), 140 mM KCl, 1.5 mM MgCl2, 0.5 % Nonidet P40, 1 mM DTT, 0.1 mM Cycloheximide), snap--frozen in liquid nitrogen and stored at --80 °C. Worm pellets were resuspended in 400 µl (time points 18 h, 20 h and 22 h) or 500 µl (all other time points) of cold lysis buffer (buffer A with 2 % PTE (polyoxyethylene--10--tridecylether) and 1 % DOC (sodiumdeoxycholate monohydrate)) and then crushed with mortar and pestle pre--cooled with liquid nitrogen. The thawed lysates were clarified by centrifugation (10 minutes, 10'000 g, 4 °C) and their absorbance at 260 nm measured. In a total volume of 385 µl, 110 absorbance units of lysate were mixed with lysis buffer and 2 µl of RNase I (100 Units/µl, Ambion) and incubated for 1 hour at 23 °C, 300 rpm. From the remainder of the lysates, total RNA was isolated with Tri Reagent (Molecular Research Center; TR 118) and an rRNA--depleted library for RNA sequencing prepared as described above.
To isolate monosomes, 350 µl of the digested lysates were loaded on linear sucrose gradients and centrifuged for 3 hours at 39'000 rpm, 4 °C , using a SW--40 rotor and an Optima™L--80 XP Ultracentrifuge (Beckman Coulter). Gradients were mixed with a Gradient Master (Biocomp) from 5% (w/v) and 45% (w/v) sucrose solutions containing 20 mM Tris pH 8.5, 140 mM KCl, 1.5 mM MgCl2, 1 mM DTT and 0.1 mM cycloheximide. After centrifugation, the gradients were fractionated using a Tris Pump (Teledyn ISCO), a Gradient Fractionator (BR--184--X, Brandel) and a fraction collector (FC--203B, Gilson). Absorbance profiles at 254 nm were recorded with an Econo UV monitor EM--1 (Biorad) coupled to a LabJack U6 data acquisition device using the DAQFactory--Express software. Gradients were fractionated in 24 fractions of equal volume and the RNA from fractions corresponding to the monosomal peak (i.e. fractions 13 and 14 or fractions 14 and 15) isolated with Tri Reagent (Molecular Research Center; TR 118). The RNA from the monosomal fraction was separated using a 15% TBE--Urea Gel (Invitrogen) and the region around 28--30 nucleotides excised to isolate Ribosome protected fragments (RPFs). The gel piece was forced through a pierced small tube inside an eppendorf tube by centrifugation and RNA from the gel debris was eluted by overnight incubation in 600 µl cracking buffer (20 mM Tris--HCl (pH 7.9), 1 mM EDTA, 400 mM NH4Acetate, 0.5 % SDS). RNA was precipitated with isopropanol at --80 °C for at least 4 hours (isopropanol precipitation). RPFs were 3' dephosphorylated with 10 Units of T4 polynucleotide kinase (NEB) in T4 PNK buffer with 40 Units of RNasin for 1 hour at 37 °C. Following isopropanol precipitation, the RNA samples were ligated to 3' adapters according to the Illumina® TruSeq™ Small RNA Sample Preparation protocol and using the reagents of the kit, then again precipitated with isopropanol. Ligation products were 5' phosphorylated for 30 minutes at 37 °C with 15 Units of T4 polynucleotide kinase (NEB) in T4 PNK buffer, 1 mM ATP and 40 Units of RNasin. Following heat--inactivation of the enzyme for 10 minutes at 70 °C, the RNA was precipitated by isopropanol. Ligation to 5' adapters, reverse transcription, PCR amplification with barcoded primers and gel--purification of the PCR products were performed using the Illumina TruSeq Small RNA Sample Prep kit. Four different barcodes (RPIX 2, 4, 5, 6) were used.
Processing of the RNA--seq data
All the RNA--seq data (50bp read length) were mapped to the C. elegans genome (ce6) using the spliced alignment algorithm SpliceMap included with the R package QuasR (www.bioconductor.org/packages/2.12/bioc/html/QuasR.html) (Au et al., 2010) . The command used to perform the alignments was "proj <--qAlign("samples.txt","BSgenome.Celegans.UCSC.ce6",splicedAlignme nt=TRUE)". Gene expression was quantified by counting the number of reads that started within any of the exons belonging to a particular gene (WormBase, WS190). The command used to create the count table was qCount(proj,exons,orientation="same") in the case of ribosome depleted samples and qCount(proj,exons,orientation="opposite",selectReadPosition="end") in the case of the polyA selected samples. The library preparation protocol for polyA selected RNAs creates reads that correspond to the reverse complement of the original RNA and therefore we had to count the reads on the opposite strand of the actual gene. To compensate for differences in the read depths of the various libraries, we divided each sample by the total number of reads and multiplied by the average library size. To minimize the large differences in expression caused by genes with small number of counts, log2 expression levels were calculated after adding a pseudocount of 8 (y=log2(x+8). Note that we did not normalize by transcript length as we mostly performed differential analyisis during the various timecourse datasets. Moreover, by normalizing to the average library size instead of the arbitrary number of 1 million, we avoided distortions when adding the pseudocount. Intronic expression for each gene was quantified by subtracting the reads that fall within exons from the reads that cover the whole gene body. Exon coordinates were extended by 10bp on both sides to ensure that exonic reads close to the junctions are not counted as intronic reads.
Processing of the ribosome footprinting data
The 3' adaptor (TGGAATTCTCGGGTGCCAAGG) was removed from the reads using the function preprocessReads from within the R package QuasR (default parameters). Mapping of the short fragments (about 30bp length) to the C. elegans genome (ce6) was performed using bowtie (Langmead et al., 2009 ) allowing only for uniquely mapping reads. The command used to perform the alignments was "proj <--qAlign("samples.txt","BSgenome.Celegans.UCSC.ce6"). Gene expression quantification was performed analogous to the case of the RNA--seq data.
Principal Component Analysis
After mean--normalization of the log2 gene expression levels, we performed PCA using the function princomp in R (default parameters). The loadings corresponding to the second and third principal component (PC) appeared to be sinusoidal waves of the same period of roughly eight hours. We noticed that the phase difference of the two PCs appeared shifted by approximately two hours, i.e. a quarter of the period. Hence, combinations of PC2 and PC3 can represent sinusoidal waves with any phase angle, because the phase difference of PC2 and PC3 is the same as the phase difference between cos(x) and sin(x). To be precise, since C*cos(ωt + φ) = A*cos(ωt) --B*sin(ωt) with A = C*cos(φ) and B = C*sin(φ), it follows that a weighted combination of PC2 and PC3 can represent expression patterns with arbitrary phases. PCA revealed this relationship without any prior trigonometric knowledge.
Cosine curve fitting
For each gene we fitted a separate cosine curve y=C*cos(ωt + φ) with a known period of 8 hours (ω = 2* /8) and unknown variables C and φ. Since a cosine curve with an arbitrary amplitude C and angle φ can be represented as a weighted sum of a cosine and a sine function with no phase (C*cos(ωt + φ) = A*cos(ωt) --B*sin(ωt) with A = C*cos(φ) and B = C*sin(φ)) we performed the fit using a linear regression including the two components cos(ωt) and --sin(ωt) as regressors. Principal Component Analysis (see previous section) indicated that a large proportion of the variance in the data is explained by the non--periodic first principal component. We therefore also included it as a separate regressor during the fit. Given 16 datapoints, for each regression we obtained three coefficients. A and B, which represent the amplitude and the phase of the oscillatory component, as well as the contribution from the first principal component PC1. Based on the scatterplot comparing PC1 to the oscillation amplitude=√(A 2 + B 2 ) we classified the genes into three categories, 'oscillating', 'increasing' and 'flat'. The necessary cutoffs were largely dictated by the structure of the plot. The precise locations of the cutoffs were optimized manually in order to reduce false positives after inspecting the resulting expression heatmaps for the three classes. The following three lines of R code were used to perform the classification: increasing <--2*amplitude--PC1 < --1.7; oscillating <--!increasing & (amplitude > 0.55); flat <--!increasing & !oscillating; Note that the amplitude of a sinusoidal wave corresponds to only half the fold change between trough and peak. GO enrichment analysis GO annotations for C. elegans were downloaded from http://www.geneontology.org/gene--associations/gene_association.wb.gz (06--Jun--2013) and combined with the expression data using the WormBase gene identifier. Overrepresented GO terms in the set of oscillating genes were determined by calculating the fold enrichment of the number of overlapping genes compared to what to expect by change given the number of genes in a particular GO term and the number of oscillating genes with only expressed genes considered. To minimize the large enrichments that would otherwise be caused by GO terms with small number of genes, we added a pseudocount of 12 before calculating the actual ratio. For example in the case of the GO terms "structural constituent of cuticle", there were 91 genes in the overlap while one would only expect 126*2718/14378=23.8 by chance. Thus the pseudocount--corrected enrichment was (91+12)/(23.8+12)=2.87. This quantity was calculated for all the GO terms and used to select the most enriched ones based on a cutoff of 1.5 fold. This approach can be seen as a compromise between pure enrichment calculations, which can create artificially high enrichments for terms with very few members, and hypergeometric tests, which can create very low p--values for terms with a large number of members even when the actual enrichments are very low.
To display the normalized phase distributions for all the oscillating genes that belong to enriched GO terms in a heatmap, we binned the phases between 0 and 360 degrees into 8 equally sized intervals. For each pathway, we counted the number of genes that fell into each of the 8 phase bins. This resulted in a table with rows corresponding to pathways and columns corresponding to the phase bins. Then we performed two steps of normalization. In the first we corrected for the fact that not all phases (over all the pathways) contain the same number of genes. We thus divided each column by the total number of genes in that column and multiplied by the average number of genes per column. In the second normalization step, we converted the counts in the table into densities to account for the fact that not all pathways have the same number of genes. Therefore we divided each row in the table by the total number of genes in that row and multiplied by the average number of genes per row.
Tissue enrichment analysis
To determine whether periodic gene expression occurred preferentially in the soma or the germline, we examined mRNA sequencing data obtained for gonads dissected out of wild--type young adult animals and for germline--less glp--4(bn2) mutant young adult animals, kindly provided by Dr. Rafal Ciosk (C. Scheckel, D.G., and R. Ciosk, unpublished data). To gain more detailed insight into the spatial expression of the oscillating genes, we downloaded data from the C. elegans promoter::GFP fusions database http://gfpweb.aecom.yu.edu (04--Mar--2013). For each strain, a list of cell types is provided in which the construct is expressed. We converted that data into a rectangular matrix where rows correspond to strains, columns correspond to cell types and expression is denoted by either 0 or 1 within the matrix. The number of expressed genes in each cell type varied strongly. We thus only considered cell types with at least 100 expressed genes for further analysis. The
